We examine the decays t → cγ and cZ 0 in the Standard Model with an extra scalar doublet and no discrete symmetry preventing tree-level flavour changing neutral currents.
it is natural to expect that new flavour physics will also respect this pattern of symmetry breaking. Hence, it would couple most strongly to the top quark, for which the flavour symmetry is most strongly broken, while coupling only very weakly to the light fermions.
This may allow the scale of new flavour physics to be as low as the weak scale without contradicting current experimental limits on FCNC's for light quarks.
A simple example is the Standard Model with extra scalars. These new scalars will typically have tree-level flavour-changing Yukawa couplings. However, as has been discussed by several authors [1] - [5] , if the Yukawa couplings of the extra scalars are proportional to the fermion masses, low energy limits on FCNC's may be evaded because the flavour changing couplings to the light quarks are small. The discrete symmetries which are normally invoked in two-Higgs doublet models to forbid tree level FCNC's [6] are therefore unnecessary. It has been suggested that these FCNC's may be looked for in b decays, and in particular the leptonic decay B s → µ + µ − may be observable at hadron colliders [2] [5] .
If this philosophy is correct, one would expect to see the largest effects of these FCNC's in t decays. The resulting rare t decays may be searched for at the SSC, where ∼ 10 8 tt pairs are expected to be produced per year. FCNC's of gauge bosons in both the standard model [7] - [12] and in two-Higgs doublet models with discrete symmetries [13] - [15] have been studied extensively in the past. In the Standard Model and two-Higgs doublet models (with ratios of Higgs vevs of order one) the branching ratios for t → cZ 0 and t → cγ are less than O(10 −11 ) [16] [17] and so would be unobservable at the SSC. In this paper we will calculate the rates for t → cγ and t → cZ 0 in the Standard Model with an extra scalar doublet, but without the discrete symmetries which prevent tree-level FCNC's in two-Higgs doublet models. † We will not discuss the decay t → cg as the multi-jet background from the primary decay mode t → bW + will make this mode unobservable. We will assume that the new scalars are heavier than the top; the case of m h < m t has been considered in [3] , as has the tree-level decay h → tc for m h > m t . We note that the latter process † The mode t → cγ has also been recently discussed in [18] .
(h → W + jets) has no clear signature and will be very difficult to see at the SSC; in this case loop effects such as those described here may be the only way to see these couplings at a hadron collider.
We consider a model with two scalar SU (2) W doublets, ϕ 1 and ϕ 2 :
with Lagrangian
where V (ϕ 1 , ϕ 2 ) is the most general potential consistent with the gauge symmetries. Since there is no global symmetry which distinguishes the two doublets we may work in a basis where only ϕ 1 has a VEV without loss of generality:
where v = 246 GeV. Three of the components of ϕ 1 become the longitudinal components of the W ± and Z 0 , while the spectrum contains the charged scalars ϕ ± 2 , the neutral scalars h 0 and H 0 and the pseudoscalar A 0 , where
The mixing angle α is determined by the potential and is a free parameter of the model, as are the masses m ϕ 
With the usual manipulations we write λ U , λ D and λ E in terms of the mass matrices
We have used all our freedom to redefine the fermion fields to
and M E , so the matrices ξ U,D,E are general 3 × 3 matrices:
A priori, the ξ's are all free parameters, and are constrained in the light quark sector from the lack of observation of FCNC's. Two possible forms for the scalar couplings, motivated by the observed structures of the KM and fermion mass matrices, are the Cheng-Sher (CS)
and the Antaramian, Hall and Rasin (AHR) ansatz (for Higgs vevs
In this work we will not make a specific ansatz for the ξ's but will simply assume that they are roughly proportional to powers of quark masses, allowing us to retain only ξ tt and the flavour changing couplings ξ tc and ξ ct . In general the ξ's will also be complex, introducing additional CP violation into the theory; this will not be important for our results.
The general form of the amplitude 
from which we compute the branching fraction by normalising to the rate for t → bW
To avoid an excess of free parameters, we have plotted the branching ratios as a function of a common scalar mass, m ϕ fig. 2 . We have also set the flavour changing couplings of the charged scalars, neutral scalars and pseudoscalar to be equal to a generic coupling constant ξ tc , where For an ansatz of the form (7) we expect (ξ tt ξ tc ) 2 ∼ m reason to prefer a particular choice of ξ U 's we feel it is best to simply regard them as free parameters to be measured or constrained at the SSC.
In conclusion, we have calculated the branching ratios for t → cγ and t → cZ 
Appendix A. Expressions for the Coefficient Functions
For simplicity, we set the mixing angle α to zero; the flavour changing couplings then only involve ϕ 2 . We split each coefficient up into contributions from graphs with neutral scalars, graphs with pseudoscalars, graphs with both neutral scalars and pseudoscalars and finally graphs with charged scalars:
The contribution from graphs with only neutral scalars is given by
where we have defined the functions
and the couplings
for the photon,
for the Z 0 . The products of Yukawa couplings are
Finally, k 2 is the mass of the gauge boson and µ is the renormalisation scale. The sum of the graphs is of course finite and the result independent of µ.
The contribution from graphs with only neutral pseudoscalars is given by
where
and
The graphs involving both the scalar and pseudoscalar particles give:
where .10) and ξ
Finally, the contribution from graphs involving the charged scalar is for the photon and
for the Z 0 . 
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